Protein expression monitoring can be a good tool to determine disease onset and progression, and is also used in drug discovery and investigational science (1) (2) (3) (4) . However, commonly used assays lack the sensitivity and specificity required for the detection of low-abundance proteins (5, 6) . Several signal amplification technologies have been designed and applied to protein detection assays, including rolling-circle amplification (RCA) (6, 7) , tyramide signal amplification (TSA) (8) , and enzyme-linked immunosorbent assay (ELISA) coupled with PCR (9) . Although all technologies have successfully provided signal amplification to protein detection assays, none has been widely applied to microtiter plate or microarray ELISAs, presumably due to the required additional steps and/or equipment compared with the standard assay.
3DNA dendrimers are highly branched structures, constructed from seven different single strands of DNA. Some strands are complementary to each other in the middle section, and when incubated under the right conditions they hybridize, forming "X"-like structures called monomers. Monomers are the building blocks of the dendrimer. Different monomers hybridize through their single-stranded regions to form the layers of the dendrimer (10) .
The 3DNA dendrimer technology from Genisphere (Hatfield, PA, USA) has been established as a robust system to provide signal amplification for RNA detection (11) (12) (13) . Here, we present an application of the 3DNA dendrimer technology to protein detection. Oligonucleotide-conjugated antibodies (for selectivity) and enzymes or dyes (for signal) are hybridized to the outer arms of the dendrimer, which functions as a core. Figures 1, A and B, show a schematic representation of the end product, called UltraAmp (Genisphere), and its assembly. UltraAmp reagents are prepared by combining a stock solution of the dendrimer with solutions of the antibody and enzyme-conjugated oligonucleotides. The buffer is spiked with NaCl to a final concentration of 200 mM to enhance the stability of the UltraAmp complex. After 20 min incubation, the solution is diluted to 6 ng/μ ng/μ ng/ L as dendrimer with PBS and 50 μL as dendrimer with PBS and 50 μ % v/v final SuperFreeze (Pierce Biotechnology, Inc. Rockford, IL, USA).
Standard sandwich ELISAs were run as recommended by the manufacturer (R&D Systems, Minneapolis, MN, USA). In UltraAmp assays, all standard conditions were maintained, except for the incubation with streptavidin horseradish peroxidase (SA-HRP; R&D Systems), which was replaced with UltraAmp Anti-biotin HRP (Cat. no. AB2080; Genisphere) diluted in Binding Buffer I (Cat. no. ABB100; Genisphere) to a final dendrimer concentration of 0.6 ng/μL. Each well was incubated with 50 μL of diluted UltraAmp μL of diluted UltraAmp μ reagent for 1 h on a reciprocating shaker at approximately 100 rpm at room temperature (RT). The wells were emptied, washed [5] [6] Protein detection enhanced by 3DNA dendrimer signal amplification For interleukines (IL), 5-or 6-point standard curves were run: -1β, -2, -4, -6, and -8. The limits of detection (LOD) were calculated as the average signal of the blank plus two standard deviations (sd) of the blank. Figure 1C shows the standard curves for detection of IL-1 β with UltraAmp and SA-HRP. UltraAmp detection provided approximately threefold signal amplification compared with SA-HRP. To determine intraassay %CV, four replicas at each concentration were run per plate. Two plates were run to determine inter-assay %CV. Table 1 summarizes the %CVs near the LOD with UltraAmp detection and compares LOD between UltraAmp and SA-HRP. Up to threefold improvement in the LOD was observed when using UltraAmp compared with standard detection, but no significant improvement in the LOD for IL-2 was observed. While we have not determined the source of variation in the signal amplification among cytokines, we hypothesize that the variation may be due to the intrinsic characteristics of each antibody-antigenantibody complex. Hughes and colleagues (14) showed that for the reaction between erythrocytes and anti-D antibodies there was a 1000-fold increase in the rate of association when the ionic strength was reduced form 0.17 to 0.03. Therefore, it is possible that the buffer used here with the UltraAmp reagents in ELISAs (ionic strength ≥0.2) affects the association rate of some antibody-antigenantibody complexes. Additional experiments were performed (data not shown) to confirm that the presence of the dendrimer did not sterically hinder interaction between the anti-biotin antibody and the biotinylated secondary antibody.
Given that protein microarrays allow analysis of multiple antigens with smaller sample consumption than ELISAs, UltraAmp reagents were also tested in this platform. Here, we used ultra-thin nitrocellulose protein microarray slides from GenTel BioSciences (GenTel, Madison, WI, USA) because of their reported high sensitivity and high precision in quantitative multiplex immunoassays (QMI).
Capture antibodies to IL-1β, IL-2, IL-4, IL-6, and IL-8 (R&D Systems), two positive controls and a negative control were printed at 0.5 mg/mL in GenTel Array Buffer using a GeSim Nanoplotter 2.0e (GeSim, Großerkmannsdorf, Germany) at a relative humidity of 60%. Six replicates of each antibody were printed in each of 16 subarrays on each slide. Slides were assembled in a SIMplex 16-Multiplexing system (GenTel) and blocked with 200 μL of GenTel Block buffer in each well for 1 h at RT.
Recombinant human cytokines (R&D Systems) were serial-diluted in GenTel wash buffer for a total of seven concentrations. Standard curve concentration ranges were optimized for each detection method and ranged from 0.32 to 5,000 pg/mL for standard detection and 0.064 to 1000 pg/mL for UltraAmp detection. A blank consisting of wash buffer was also prepared. Immediately following blocking, 100 μL of μL of μ antigen standard solution was added to each of the 16 subarrays on a single slide and incubated for 1 h at RT.
Biotinylated detector antibodies (R&D Systems) were diluted in GenTel wash buffer at the following concentrations: IL-1β 150 ng/mL, IL-2 1000 ng/mL, IL-4 300 ng/mL, IL-6 350 ng/mL, and IL-8 100 ng/mL. After antigen binding, the slides were washed three times with GenTel wash buffer. One hundred microliters of detector antibody solution was added to each of the 16 subarrays for each slide and incubated for 1 h at RT. After incubation with detector antibody, the slides were washed three times with GenTel wash buffer. For standard detection, 100 μL of a 1 μg/mL Dy547-Streptavidin (Dyomics, Jena, Germany) diluted in GenTel rinse buffer was added to each well and incubated for 1 h at RT. For UltraAmp detection, dendrimer was diluted in PBS with 2% BSA and 2% dextran sulfate to a concentration of 1 ng/μL. Fifty μL. Fifty μ micrograms of dendrimer was added to each well and incubated for 2 h at RT. Slides were removed from the SIMplex-16 units, rinsed with GenTel rinse buffer, and blown dry with nitrogen gas. Arrays were then scanned using a Tecan LS Reloaded laser scanner (Tecan, Männendorf, Switzerland) at gain 130 for standard detection and 120 for UltraAmp detection.
Seven-point standard curves were run for all cytokines. Figure 1D shows two standard curves comparing detection with Dy547-Streptavidin and UltraAmp. UltraAmp provided fivefold signal amplification. To determine intra-assay %CV, two replicas of each standard were run per slide, allowing for data comparison among spots and wells. Three slides were run to determine interassay %CV. The LOD was calculated as the average signal of the blank plus two sd of the blank. Results are summarized in Table  1 . A significant increase in the inter-assay %CVs was observed for the UltraAmp detection. Since the %CV among spots was considerably smaller, the increased inter-assay %CV may have been due to wash inconsistency (number of washes or strength) among slides. It is likely that the wash procedure can be optimized to 
than those attached to the larger HRP molecules, thus limiting the packing density of dendrimers for detecting neighboring biotin molecules.
In conclusion, UltraAmp reagents provide signal amplification to a variety of cytokine-detection ELISAs with no significant increase in inter-and intraassay %CVs and without additional steps or equipment. Even though the UltraAmp reagents seem to provide greater signal amplification to cytokine detection using protein microarrays, further optimization is required to improve the intra-assay %CVs.
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